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General Introduction 
1.1 THIN-LAYER CHROMATOGRAPHY 
(TLC) is a simple, rapid, versatile, sensitive and inexpensive analytical 
technique which is capable to separate organic and inorganic substances. The 
mobile phase in TLC is a liquid (a single solvent or a mixture of solvents) and 
the stationary phase is an active solid known as sorbent. This technique has been 
applied successfully to the analysis of almost all classes of organic compounds 
and inorganic substances. The distinct advantages of TLC over other 
chromatographic techniques include: 
a) Identification and separation by TLC can be carried out quickly; excellent 
separations can be obtained in 20 to 40 minutes. 
b) Fine particle size of most thin layer media gives improved resolution and 
compact spot. 
c) It is applicable to the analysis of thermally labile compounds 
d) Corrosive reagents and acids can be sprayed on thin layer chromatoplates 
without any adverse effect. 
e) It is reasonably sensitive and highly selective. 
The discovery of TLC is usually ascribed to Izmailov and Schraiber (1) 
who utilized thin layer (2 mm thick) of alumina on glass plates for 
chromatographic separations. The term thin layer chromatography was 
introduced by Egon Stahl. He standardized procedures, materials and 
nomenclature (2,3) of this technique for separation. In the beginning TLC was 
mainly used for the separation of organic compounds. The interest in TLC of 
inorganic ions received a great impetus after the work of Seller (4-6). 
TLC is a subdivision of liquid chromatography in which the mobile phase 
is a liquid and the stationary phase is a thin layer on the surface of a flat plate. 
The developing solvent or the mobile phase is the transport medium for the 
solutes to be separated as it migrates through the stationary phase by capillary 
forces. The movement of substances during TLC is the result of two opposing 
forces, the driving force of the mobile phase and the resistive or the retarding 
action of sorbent. The driving force tends to move the substances from the origin 
in the direction of the mobile phase flow. The resistive action impedes the 
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movement of the substances by dragging them out of the flowing phase back 
into the sorbent. Although the zone moves constantly ahead, only a fraction of 
the molecules in the zone moves at any one time. At the end of the 
development each zone migrates to a certain mean distance and spreads because 
of the fluctuations in the movement of individual molecules in the zone. The 
distance travelled by the centre of each solute zone in a given time is the 
resultant of the driving and resistive forces. Substances that move slowly are 
attracted more strongly to the layer, whereas those which move quickly spend a 
similar fraction of their time in the layer because of less affinity for it. 
Depending on the nature of solute, the layer promotes the separation of 
molecules by: 
(1) Physical sorption of solutes from solution onto the surface active groups 
of the layer particles (adsorption) 
(2) Partitioning of solutes between a stationary and mobile liquid phases 
(partition). 
(3) Attraction of ions to sites of opposite charge on the layer (ion-exchange) 
(4) Retention or rejection of solutes on the basis of size and/or shape (size 
exclusion or gel permeation TLC). 
1.2 TLC PRODCEDURE 
TLC is an off-line process in which various steps, illustrated in the 
Fig. 1.1 can be carried out independently. The basic TLC procedure involves the 
spotting of sample mixture (5-10 fiL for conventional TLC and 1-2 fiL for 
HPTLC) at about 1.5-2 cm above the lower edge of the layer, drying the spot 
completely at room temperature or at an elevated temperature, development of 
plate usually by one-dimensional ascending technique in a closed chamber, 
removal of mobile phase from the layer by drying, detection of spots on TLC 
plate using suitable detection reagent, measurement of Rf values of resolved 
spots and quantitative determination of the separated analyte. The differential 
migration of components in a mixture results due to varying degrees of affinity 
of the components for the stationary and mobile phases. 
Fig. 1.1 Schematic diagram showing the steps involved in a TLC process 
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1.3 TLC METHODOLOGY 
Solute identification in TLC is based on Rf value which is known as 
retardation factor and is calculated as, 
Distance travelled by the compound from the origin 
Rf = 
Distance travelled by the mobile phase from the origin 
The Rf value in TLC is dependent upon many variables like nature of the 
sorbent, layer thickness, layer-activation temperature, chamber saturation, nature 
of mobile phase, pH of the medium, development technique used and the relative 
humidity. 
1.4 SAMPLE PREPARATION 
The sample solution to be analyzed must be sufficiently concentrated to 
provide clear detection or/and be pure enough so that it can be separated as a 
discrete and compact spot or zone. For low concentration of analyte in a 
complex sample, pre-concentration and clean up procedures precede TLC. 
1.5 TLC PLATE PREPARATION 
The manual preparation of layers involves the coating of slurry of the 
adsorbent (soil, silica gel, alumina) on glass, aluminium or plastic sheet (20x20 
or 20xl0cm) with the help of TLC applicator. The thickness of dried layer for 
analytical purposes is kept 0.1-0.3 mm. A binder (starch, gypsum, dextrin, 
polyvinyl alcohol) is usually added to the layer material to provide better 
adhesion, mechanical stability and durability. 
1.6 SAMPLE APPLICATION 
Definite volumes of samples are applied as spots or streaks using 
micropipette, microsyringe, melting point capillaries etc. 
A number of automatic spotters of varying designs are available for 
sample application. The application of sample as a streak or band provides more 
efficient separations because the efficiency (N) of the separation on a TLC plate 
depends on the diameter of the spot along the direction of development. Thus, 
the best efficiency is achieved with smallest diameter of the spot. 
1.7 MOBILE PHASES 
Mobile phase should be as simple as possible and prepared from the 
purest grade of the solvent available. Mixtures composed of more than three or 
four components should be avoided because of problems associated with 
reproducible preparation. Care must be taken to mix the constituents thoroughly 
before use. Muhi-solvent mobile phase systems should not be repeatedly used. 
The process of separation of the sample mixture by migration of the mobile 
phase through the layer is known as development. There are several modes of 
development such as ascending, descending, two dimensional, horizontal, radial 
etc. Among these procedures, ascending is the most frequently used 
development mode in TLC. The following mobile phases have been frequently 
used as developers: 
a) Inorganic solvents: solutions of mineral acids, bases, salts and mixtures of 
acids, bases and /or their salts. 
b) Organic solvents: Acids, bases, hydrocarbons, alcohols, amines ketones, 
aldehydes, esters, phosphates and their mixtures in different proportions. 
c) Mixed aqueous-organic solvents: Above mentioned organic solvents 
mixed with water, mineral acids, inorganic bases or dimethylsulphoxide and 
buffered salt solutions. 
d) Complexing solvents: solutions of surfactants (SDS, CTAB, Triton X-100 
and EDTA) in various concentrations. 
TLC with mobile phases of lower volatility gives better reproducibility 
compared to volatile mobile phases which have advantage of quick evaporation 
from the sorbent layer after development. 
1.8 STATIONARY PHASES 
A large number of adsorbents are available which can be used in TLC, 
some being better for one use and some for the other. Infact, no perfect 
adsorbent has been found, some have great retaining power whereas others hold 
the adsorbate loosely. The adsorbing power of a substance varies greatly 
according to its particle size, method of preparation, activation process etc. 
A good adsorbent should possess the following characteristics: 
1) The adsorbent must not chemically interact with the materials being 
investigated. 
2) The colour of the adsorbent should be such that it does not interfere with the 
chromatogram, preferably it should be colourless. 
3) The adsorbent should be insoluble in the solvent to be used. 
4) It should be non-catalytic i.e. should not catalyse the decomposition of the 
substances. 
5) The physical and chemical properties of one adsorbent should not change 
under the experimental conditions. 
The various layer materials used may be broadly classified as: 
a) Non-Surface Modified or Untreated Sorbents 
The sorbent phases used in the non-modified form include silica gel G, silica 
gel H, silica gel LS, acidic and neutral alumina, cellulose, polyacrylonitrile etc. 
b) Impregnated or Treated Sorbents 
To broaden the range of selectivity of above mentioned layer materials, 
several workers attempted to use these materials after impregnation to a definite 
degree with buffers, metal ions, chelating agents or high molecular weight 
organic liquids. Silica gel or alumina impregnated with aqueous inorganic salt 
solutions silica gel impregnated with diethylene-triamine, 8 hydroxyquinoline 
and t-butylamine, tributylamine acid treated silica gel layers have been used for 
the analysis of inorganic substance. 
c) Chemically modified or Bonded sorbents 
The impregnated layers have been found to suffer from the following 
limitations. 
i) the impregnates are eluted to some extent by the mobile phases used and 
ii) the stripping of liquid stationary phase from the support by incompatible 
mobile phases. 
To overcome these problems, chemically bonded layer materials of 
similar properties were developed for safer use as stationary phase. Some of the 
examples to cite include lipophilic Cig bonded silica gel phases, aminopropyi 
silica gel (NH2), surface-modified cellulose like ECTEOLA (a reaction product 
of epichlorohydrin triethanolamine and alkali cellulose). 
d) Inorganic Ion-Exchanger 
Apart from silica and alumina, other inorganic ion-exchangers have also 
found use in TLC. Besides many others use of stannic sulfosalicylate, hydrous 
antimony (V) oxide layers and tin (IV) arsenosilicate etc. have been reported 
recently. 
e) Mixed Sorbents 
Mixed layers (impregnated and non-impregnated) have been used by 
several workers for achieving enhanced resolution of components. Mixed layers 
are usually of medium activity as compared to the separated phases. The 
addition of kieselguhr in silica generally reduces the activity of silica, resulting 
in a new sorbent layer with altered activity that is capable of providing peculiar 
separations, not possible on separated phases. The binary layers that have been 
used include silica gel-microcrystalline cellulose (MCC) containing NH4NO3, 
silica gel-MCC, silica gel-alumina or antimonic acid and kieselguhar-cellulose. 
f) Miscelleneous Sorbents 
The layer materials that are less familiar or introduced recently in TLC 
have been put under this category. These materials include silufol; silufol uv 
254; silufol with a layer of silica gel; soil; soil-flyash, soil treated with neutral, 
alkaline and saline solutions; soil mixed with silica gel, kieselguhr etc. In the 
present study we are concerned with the use of soil and mixed soil layers as 
sorbent. 
1.9 SOIL THIN-LAYER CHROMATOGHRAPHY 
Soil thin-layer chromatography was first successfully utilized in 1968 by 
Helling and Turner for the detection of pesticides movement using different 
types of soil as static phase. The work was further extended and published in his 
three reports (7-9). The movement of substances or their separations in TLC can 
be affected by altering the conditions of the static phase (soil) of diverse nature), 
developer and applied substances. Thus, soil TLC provides a very fascinating 
field of research which can be utilized for investigating problems in various 
applied and non-applied fields. Some progress has been made in this technique 
in detail by autoradiography. Singh et al. (10-12) and Sharma et al. (13-16) have 
studied the movement of certain pesticides in soil. 
Thin layers of soil are prepared by spreading an uniform film (0.15-2.0 
mm) of soil slurry over a glass plate with the help of an applicator and allowing 
it to dry at room temperature (25 C). The organic or inorganic compound, under 
investigation is spotted above 4 cm from the bottom of the plate so that the 
mobile phase level in the closed jar may always remain about 1 cm below the 
spots. Thin layer plates are developed to a distance of 10 cm starting from the 
point of spotted compound. After the development, the plates are removed from 
jar, dried and the compounds or ions are detected by spraying suitable 
chromogenic reagents as detectors. 
The movement of the compound through the soil layer is measured in 
terms of Rrvalues which can be calculated as 
Distance travelled by solute 
Rf 
Distance travelled by solvent 
The work presented in this thesis is mainly related to the analysis of 
pesticides and heavy metal cations on layers prepared from soil containing 
adsorbents. It is therefore, necessary to provide a brief description of soil, 
pesticides and heavy metals. The following paragraphs are devoted to 
encapsulate available information about soil, heavy metal and pesticides. 
2.0 SOIL 
The term soil is derived from the latin word "solum" which means floor. 
Soil is a top cover of the earth in which plants can grow. It is a complex 
composite mass which consists of weathered rock material mixed with 
decomposed organic matter derived from the remains of plants and animals. To 
define soil is not easy in view of the heterogeneity and complexity of the soil 
system. "Justus VonLiebig" in his famous publication, "Chemistry Applied to 
Agriculture and Physiology" put forward the theory that plant assimilates 
mineral nutrients from the soil environment which according to him, varied in 
their capacity of nutrient supply. Soil profile vary from place to place. The 
nature of soil profile depends more on the climate and vegetation than on the 
parent rock from which the soil is originally formed. Usually the top soil is 
thicker in forest than in grassy areas. 
2.1 COMPOSITION OF SOIL 
From the physical stand point, soil is composed of solid, liquid and 
gaseous phases in varying proportions. In an ideal soil surface, these components 
are observed in amounts (by volume) as follows 
a) Mineral matter - 40% 
b) Organic matter - 10% 
c) ^o i l water - 25% 
d) Soil air - 25% 
The proportion of these components may vary from time to time and 
from place to place. The inorganic (mineral) material in soil is relatively fixed 
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but the organic material may vary depending upon the location of the collection 
of the soil sample. The volumes of water and air in soils are controlled by 
several factors such as particle size, porosity, humidity and temperature of the 
soil environment. 
a) Mineral Matters 
Mineral is an inorganic body which usually has a definite chemical 
composition. The mineral matter is derived from rocks clay is the most active 
and reactive portion of the soil. An important characteristic of clay is that it 
bears negative charge, on this account, it is capable to attract and bind positively 
charged particles or cations like potassium, magnesium and calcium. These 
bound cations being exchangeable are replaced by other cations like hydrogen 
and ammonium ions. When these cations are released they are firnily held by the 
clay particles, and are not easily leached by the rainwater. Therefore, they are an 
important source of mineral nutrition for plants. The clay particles also bind 
pesticidal molecules by adsorption hence restrict degradation of chemical. Some 
important and frequently occurring clay minerals are: 
i) Kaolinite 
ii) Montmorillonite 
iii) Illite 
iv) Chlorite 
v) Amorpnhous clays 
i) Kaolinite 
The name 'Kaolinite' was first suggested by "Johnson and Blake" in 1867. 
The structure of kaolinite is based on single tetrahedral sheet topped by a slightly 
distorted gibbsite sheet, both being joined by oxygen bonding through 
condensation and splitting of water between adjoining hydroxyl groups in 
vertical position. Water can not enter in these lattices which explains the 
comparatively low moisture content as well as low swelling of these clays. The 
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size of unit cell is 7.2 A*^ . The structural formula of kaolinite is (OH)8Al4Si40io. 
The cation exchange capacity of the mineral is very low and varies from 3-15 
meq lOOg"' clay. Similarly, plasticity, cohesion and shrunkage properties of 
kaolinite are low. 
ii) Montmorillonite 
The mineral was first studied by LeChatellier and has been assigned the 
formula (OH)4Al4Sig02o- The structure of montmorillonite is composed of 
simple octahedral sheet of alumina enclosed between two silica sheets. It 
possesses high cation exchange capacity which varies from 80-120 meq lOOg"' 
clay. 
iii) Illite 
The name, "illite" was proposed by Grim in 1937 for the mica like 
minerals with a 10A° c-axis which shows no expansion in the presence of water. 
The size of unit cell is 10A°. Isomorphic substitution is possible within the 
lattice resulting in a wide variation in composition. Because of its resemblance 
with mica, it is considered to be a member of mica group. The cation exchange 
capacity of illites varies from 20-40 meq lOOg-1 clay. 
All these three types of clays strongly adsorb organic cations [17-19]. 
iv) Chlorite 
The structure of chlorite was given by Donahue et al. It is often called 2:2 
type clay. The crystal unit consists of two silica tetrahedral sheets and two 
magnesium octahedral sheets (2:2) Chlorites do not swell when wet with water. 
The cation exhange capacity of chlorite is very low and varies from 10-14 meq 
lOOg"' clay. 
v) Amorphous clay 
Amorphous clays are mixtures of silica and alumina that have not formed 
well oriented crystals. They lack crystallinity. Amorphous clays are common in 
soils forming from volcanic ash. Amorphous clays are not well characterized but 
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do exist in many soils in varying amounts. Their properties are often quite 
unusual, such as having high anion exchange capacities or high cation exchange 
capacities that vary from 50-150 mol kg'' clay. 
b) Soil Organic Matter (SOM) 
Organic matter is an active and reactive portion of the soil. It may be 
defined as organic residue left behind after microbial decomposition of plant and 
animal remains, frequently dark coloured and possessing certain physical and 
chemical properties. The organic matter content of the soil is generally found in 
smaller quantities that is 1-5% by weight in a top soil, and decrease with depth. 
In addition to nitrogen, organic matter contains high amount of carbon and lesser 
amount of hydrogen, oxygen and other elements. The carbon atoms joined 
together in certain chains of varying lengths and linkages forms the basic 
'skeleton' of soil organic matter. Organic matter and clay minerals are the two 
important causes which are responsible for ion exchange property [20-21]. 
Organic Humus 
Humus comprises of dead organic matter of the soil derived mainly from 
the decay of the dead remains of plants and plant parts. 
Humus occurs in the soil in all stages of decomposition and has no 
definite chemical composition since it is always changing. In humus formation 
the nitrogen, phosphorus, calcium, potassium and other minerals bound up in the 
dead plant and animal remains are changed into soluble compounds so that they 
can be again absorbed by living plants. Humus is in fact one of the most 
important sources of necessary nutrients especially nitrogen. Lipids are also 
associated with soil humus (22). There are two general groups of compounds 
that collectively make up humus: 
i) Humic substance 
It includes transformed products bearing little or no resemblance to the 
anatomical structure from which they are derived. The humic substances can 
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further be subdivided into folLowing subgroups according to their solubility m 
alkaline and acidic media. 
a) Humic Acid: It is soluble in alkalies and insoluble in acids. 
b) Fulvic Acid: It is soluble in both alkalies and acids. 
c) Humin: It is insoluble in both alkalies and acids. 
Chemical compositions of humic and fulvic acids have been an 
interesting field for soil chemists. In general, humic acids is composed of an 
aromatic and aliphatic parts which are linked together. 
ii) Non-humic substances 
These are unaltered remain of plant and animal tissues and also organic 
compounds that have definite characteristics. Non-humic substances are less 
complex and less resistant to microbial attack than those of humic group. The 
non-humic substances are polysaccarides, having general formula of Cn (H20)"^ 
where n and m are variable. 
c) Soil Water 
In soil, water is supplied to plants through the roots. It "lubricates" the soil 
allowing root penetration, it is necessary for microbial mobility and action and it 
allows nutrient mobility. Hence, water has perhaps the greatest influence on the 
growth and yield of a crop. It is needed in much larger quantity than that of any 
other substance that contributes to growth and yield. The soil water content 
varies with the soil texture and ranges from 5.1 to 11.9%. 
d) Soil Air 
Percentage composition of atmospheric air (by volume) may be 
approximately taken as N2=79.0, 02=20.97, CO2=0.03. The inert gases are 
included in nitrogen percentage. The composition of soil air varies according to 
the nature of soil as well as with the climatic conditions e.g. composition of CO2 
which increases after rainfall, probably because of increased nitrification and 
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decomposition of organic matter. The composition of soil air is ciiaracteristically 
different under anaerobic condition for example, the percentage of CO2 increases 
in swamp soil. CO2 production being a product of biological activity is 
dependent on temperature, organic matter, moisture and the condition of soil. 
2.2 PHYSICO-CHEMICAL PROPERTIES OF SOIL 
The knowledge of physico-chemical properties of soil is important in 
understanding soil behaviour. It includes the distribution of particle size such as 
sand, silt and clay, soil pH, electrical conductivity, cation exchange capacity etc. 
Mechanical Composition 
The first information required about a soil is its mechanical composition. 
The mechanical composition or texture means the particle of various sizes such 
as gravel, sand, silt and clay in soils. The particle size distribution of a soil 
influences its chemical, physical and biological properties. Particle size 
distribution in soil influences the water holding capacity. It also influences the 
strength and compressibility of soils. The success of any mechanical analysis 
depends upon the preparation of sample to ensure complete dispersion of all 
aggregates into their individual primary particles without breaking up the 
particles, themselves and secondary upon the accurate fractionation of the 
sample into various fractions. 
Soil pH 
The pH of soil is an approximate measure of an active fraction of the 
hydrogen ions present in the soil phase. Soil pH indicates the acidity or basicity 
of the soil. At pH 7, hydrogen ion concentration (H"^ ) equals to hydroxyl (OH") 
ion concentration, from pH 7 to 0 soil is increasingly acidic and from pH 7 to 14 
the soil is increasingly more alkaline (basic). Soil pH is the negative logarithm of 
the active hydrogen ion (H"^ ) concentration in solution. 
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The soil pH greatly affects the solubility of minerals. Strong acidic soils 
(pH 4-5) usually have high concentration of soluble aluminium and manganese 
salts. 
Electrical Conductivity 
It gives an idea about the total soluble salts present in soil. Soil salinity 
scale is based on electrical conductance of the extract. For saline soil, the soil 
content is more than 0.3% or E.C.>4.0 m mhos cm"\ The salinity is due to the 
presence of NaCl and Na2S04 as soluble salts in soil. 
Exchangeable Cations 
An electrically charged colloidal surface will attract mobile substances of 
opposite charge in the soil water. The dominant residual charge on most soil 
colloids are negative. These negative charged sites attract positively charged 
ions on the soil surface. The cations generally found on exchangeable sites in 
soil are Ca^ '*', Mg^ "^ , H"^ , Na"^ , K"^  and Al^ "^  . Cation exchange sites adsorb many 
94- "?+ 9 + 9-1-
metal ions such as Cd , Zn" , Ni and Pb that might be present in industrial 
waste water. Any change in the concentration of a cation in a solution brings a 
change in proportions of all exchangeable ions. Cation exchange in soils is of 
great importance as it can alter the availability of several micronutrients (23). A 
study of cation exchange in soils gives an idea about the capability of the soils 
to store (24) and supply (25) the nutrient elements to plants. 
Cation Exchange Capacity (CEC) 
The CEC is the amount of exchangeable cations per unit weight of dry 
soil. It is also defined as the capacity of the soil to combine with cations in such 
a manner that they cannot be easily removed by simple leaching with water, but 
can readily be exchanged by an equivalent amount of other cations. The CEC of 
soil changes with a change in pH. The negative charged sites increase with the 
increasing pH value of soil. Various metals on hydrolysis do ionize and liberate 
H"^  ions into the soil water solution, thereby producing negatively charged cation 
exchange sites of the soil particles. 
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2.3 PESTICIDES 
Soil provides us a place to live and is a reservoir of minerals but with 
accelerating growth of world's population and rapid urbanization tremendous 
pressure has been created on it. Insecticides, herbicides and other pesticides 
aiding agriculture development and health protection are very potent pollutants 
having long range effects and their indiscriminate use poses a serious danger to 
the structure and function of the ecosystems. Pesticides while eliminating the 
beneficial insects may cause ecological imbalance. At the same time, they are 
phytotoxic and destroy useful plants. They enter the food chain causing toxicity 
to human beings, animals and other creatures. Many books (26-31) and reviews 
(32-34) have been published on this subject as a warning of potential hazards. 
Generally, pesticides are classified into two broad categories namely: 
1) Inorganic Pesticides 
2) Organic Pesticides 
1) Inorganic Pesticide 
Inorganic pesticides are known to cause several harmful effects. Some of 
the examples of well known inorganic pesticides are (i) arsenic compounds such 
as paris green, [(CH3COO)2 Cu.3Cu[As02)2], basic copper arsenate 
[Cu.(CuO.HAS04)] (ii) mercury compounds such as mercuric chloride ((HgCl2) 
(iii) Boron compounds such as borax (Na2B407) fluorine compounds such as 
calcium fluosilicate (CaSiF6.2H20). 
2) Organic Pesticides 
The era of organic pesticides began in 1939 (35) when dichlorodiphenyl 
trichloroethane (DDT) was discovered. Infact this compound was synthesized in 
1874 by Zeidler. Presently thousands of organic compounds have been 
synthesized and tested for their pesticidal properties. Organic pesticides may be 
classified as: 
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a) organohalogenated pesticides. 
b) organophosphorus and sulphur containing pesticides. 
c) organocarbamate pesticides. 
d) pyrethroids. 
e) Miscellaneous pesticides. 
a) Organohalogenated pesticides 
Several organohalogenated pesticides such as Aldrin, DDT, BHC, 
endosulphan etc. are used for crop protection. These pesticides are toxic to 
insects and other orthopods at very low dose. These compounds tend to 
accumulate in food chains. These compounds are well soluble in organic 
solvents including fat but are poorly soluble in water. 
b) Organophosphorus and sulphur containing pesticides 
These pesticides (dimethoate, metasystox, chloropyrifos, phorate etc.) have a 
wide range of toxicity, but they are usually non-persistent and hence poses less 
threat to the environment than organochlorine. 
c) Organocarbamate pesticides 
Carbamates belong to a new and comparatively small group of pesticides of 
growing utility they bridge the gap between the persistent organochlorine and 
the short lived but excessively toxic organophosphorus pesticides. This group 
includes, aldicarb, baygon, carbaryl, carbofuran etc., the mode of action of 
carbamate is similar to that of organophosphorus pesticides. 
d) Pyrethroids 
The first synthetic pyrethroid was described in 1973 and many new 
photostable pyrethroids were synthesized between 1973-1977. These compounds 
exhibit high activity against insects, low mammalian toxicity, increased stability 
effectiveness at very low dosages, rapid action and degradation to innocuous 
residues. These compounds are more effective as contact pesticides, e.g. 
permethrin, cypermethrin, decamethrin and fanvalerate. 
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e) Miscellaneous Pesticides 
Since search and synthesis of new pesticides have always been in 
consideration and with time more and more pesticides are being listed which do 
not fall under any of the above categories, e.g. formamidines, amitraz and 
chlorodimeform etc. these compounds have slow deleterious effect on the health 
of the crops, soil organisms and human beings. 
Pesticides are introduced into the soil for destroying soil-dwelling pests, 
nematodes and the pathogens of bacterial and fungal disease. The property of 
pesticides to withstand the decomposing action of physical, chemical and 
biological processes characterize their persistence. The persistence of pesticides 
in the soil also depends upon the dose, formulation (powder, liquid etc.) the type 
of soil, its moisture content, temperature etc. Pesticides as a rule are more 
persistent in soils with a high content of organic matter and a silt fraction. 
Pesticides incorporated into the soil lose a part of their activity because of their 
being adsorbed by the soil colloids. The degree of adsorption of most pesticides 
largely depends on the humus content in the soil, it also depends upon the pH, 
pK and hydro lytic acidity of the soil. 
In the present study the migration behaviour (sorption equilibria) of 
certain pesticides like phosphamidon and dimethoate through pure soil bed has 
been studied. These studies will be helpful towards assessing movement of these 
pesticides in soil and controlling soil pollution. 
2.4 HEAVY METAL CATIONS 
Many inorganic compounds, especially metal ions, are playing a double 
role in the physiology of organism. Some are indispensable for normal life while 
most of heavy metal cations are toxic at elevated concentrations i.e. they 
adversely affect the activity and well being of living organisms. Recent years 
have brought an increasing concern for the potential toxic effects of metal ions 
and other inorganic compounds, which constitute part of the products and by-
products of our technologies. This is essentially true for heavy metals which are 
1! 
not ameliorated by natural phenomena of biochemical decomposition. High 
concentration of heavy metals in surface water is generally associated with 
industrial discharges (36-37). The tremendous increase in the use of heavy 
metals over the past few decades has inevitably resulted in an increased flux of 
metallic substances in aquatic environment. The important sources of metal 
pollution includes domestic sewage (38), geological weathering, mining 
effluents (39,40), atmospheric sources (41) etc. 
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Cbin-laycr cbromatodrapbic 
studies on tnobiUtp of some 
pesticides tbrougb different soil 
containing static flat-bed pbases. 
2.1 INTRODUCTION 
Flat bed or planar chromatography has been considered as one of the 
simplest analytical technique with general efficiency for the separation of 
organic and inorganic substances (1-6). The convenience and cost 
effectiveness of thin layer chromatography (TLC) have resulted in its wide 
range of applicability in separation and identification of pesticides and related 
agrochemicals (7-13). In fact TLC and HPTLC techniques complement the other 
more sensitive and precise primary methods (eg. GLC, HPLC, SFC and capillary 
electrophoresis) used for the analysis of pesticides. Most of the reported TLC 
methods involve the use of mixed organic solvent systems containing benzene, 
hexane, chloroform, acetonitrile, methanol, ethyl acetate or dichloromethane as 
one of the components. Of the layer materials examined, silica gel and alumina 
have been the most favoured. A few studies have also been reported (7) on the 
use of barium or calcium sulphate, calcium carbonate or phosphate, soil, 
cellulose, Cig bonded silica gel and calcium sulphate mixed with silica gel as 
layer material to examine the mobility pattern of pesticides. Investigations (14-
18) regarding pesticides metabolism in soil and plants, uptake of pesticides by 
plants from soil and pesticides migration in soil by TLC indicate that soil TLC 
has much to offer to the chemists interested in examining the uptake, 
translocation and degradation of pesticides in the environment. 
The present study was taken up with the aim of understanding the 
mobility pattern of some pesticides through a static-flat phase of soil in contact 
with pure water, aqueous salt solutions, organic solvents and aqueous 
surfactant solutions. The aqueous systems selected as mobile phase in the 
present study are generally encountered with the soil surface and hence the 
results of transportation of pesticides through soil bed under the selected 
experimental conditions will be helpful to formulate the strategy for preventing 
the migration of harmful pesticides into soil bed. In addition, we have also 
examined the mobility of pesticides through amended soil with silica gel, 
30 
alumina and cellulose to find out the effect of additives on the mobility 
sequence of pesticides. 
2.2 EXPERIMENTAL 
Apparatus: A thin-layer chromatography apparatus ( Toshniwal, India), 20 x 
3.5 cm glass plates and 24 x 6 glass jars were used. 
Reagents: Silica gel G (Merck, India) and N-cetyl-N,N,N-trimethyl ammonium 
bromide (CTAB) of CDH, India were used. All other reagents (cellulose, 
kieselguhr, ammonium sulphate, sodium chloride, methanol, toluene, 
cyclohexane, ethyl acetate, benzene etc.) used were also of Analytical Reagent 
grade. 
Pesticides studied: Chloropyrifos, cypermethrin, dimethoate, endosulphan, 
fanvalerate and phosphamidon were procured from Bayer, India and used as 
such (Table-2.1). 
Test solutions: All test solutions of pesticides were prepared in methanol. 
Soil samples: We used five samples (S1-S5) of natural, uncultivated soils that 
were collected from the soil surface horizon (0-20cm deep) at different places in 
the district of Aligarh (India). The samples were dried, grounded and passed 
through the 100 mesh size sieve to get uniform particle size. The physical 
parameters of soil samples are given in Table 2.2. 
Detection: Thin layer chromatography plates after development in a particular 
mobile phase were exposed to iodine vapours and the spot was visualized as 
dark brown/yellow in colour. 
Stationary phase: Silica gel G, cellulose, kieselguhr, soil, soil + cellulose, soil + 
silica gel G, soil + kieselguhr (1:1, 7:3 and 3:7). 
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Mobile phase: 
Code Composition Code Composition 
Ml 
M3 
M5 
My 
M9 
M„ 
M 15 
M 17 
M, 
Water M2 O.OIM Ammonium Sulphate 
0.05 M Ammonium Sulphate M4 0.10 M Ammonium Sulphate 
0.5 M Ammonium Sulphate Mg IM Ammonium Sulphate 
1.5 M Ammonium Sulphate Mg 2.0 M Ammonium Sulphate 
0.01 M Sodium chloride 
0.10 M Sodium chloride 
Mi3 1.0 M Sodium chloride 
2.0 M Sodium chloride 
1%CTAB in water 
Methanol 
M21 Benzene 
M23 Ethyl acetate 
Mio 0.05 M Sodium chloride 
M12 0.5 M Sodium chloride 
Mi4 1.5 M Sodium chloride 
M,6 1%CTAB + 0.5M 
Ammonium Sulphate 
Mig 1%CTAB +0.5 M Sodium 
chloride 
M20 Cyclohexane 
M22 Hexane 
M24 Toluene 
Preparation of Silica Gel TLC Plates 
Plain Thin-Layer Plates 
TLC plates were prepared by mixing silica gel G with double distilled 
water in a 1 iS ratio. The resultant slurry was mechanically shaken for 5 min and 
then it was coated onto glass plates with the help of a TLC applicator to give a 
layer of 0.25 mm thickness. The plates were first air dried at room temperature 
and then activated by heating at 100°C for 1 h. After activation, the plates were 
kept in air tight chamber until used. The TLC plates of cellulose, alumina and 
kieselguhr were similarly prepared. 
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Soil Thin-Layer Plates 
To prepare soil TLC plates, soil sample was slurried mechanically 
for 5 min after mixing with double distilled water in a 
1:3 ratio. The resultant homogeneous slurry was spread onto 20 x 3.5 cm glass 
plates as 0.25 mm thick layer. The plates were air dried at room temperature 
(30°C) and stored in air tight chamber until used. 
Mixed Soil TLC Plates 
Soil mixed with silica gel, kieselguhr, cellulose or alumina in different 
ratios (50:50, 70:30, 30:70) by weight were slurried with double distilled water 
in a 1:3 ratio by shaking for 5 min. Using this slurry, thin layers were prepared 
under the same experimental conditions as described above for soil thin layer 
plates. 
Procedure 
The pesticide solutions (5-10 \i\) were spotted on TLC plates with 
micropipette. The spots were dried at room temperature before development. 
The glass jars containing mobile phase were covered with lids and left for 10 
min for saturation before introducing the plates for development. The plates 
were developed with chosen solvent systems by ascending technique. The 
solvent ascent was fixed at 10 cm in all cases. After development, the plates 
were dried and the spots of pesticides were detected using iodine vapours. 
2.3 RESULTS AND DISCUSSION 
The results obtained have been summarized in Tables 2.3-2.6 The 
mobility (or Rp) data given in Table 2.3 indicate that none of the pesticides 
migrates through the soil bed whereas PHM, CLPS and DM show significant 
mobility on silica layer when the plates were developed with distilled water. 
Thus, the soil has much stronger interactions to the pesticides compared to 
silica gel. To understand the interaction pattern of pesticides with different 
sorbent layers, several stationary and mobile phase systems were tested and the 
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results obtained have been summarized in Tables 2.4 a and b. From the data 
listed in Table-2.4 following observations resulted in respect of mobility trend 
of pesticides through different static planar layers. 
A) Silica layer 
i) Aqueous Salt Solutions as Mobile Phases 
When different concentrations of ammonium sulphate were used as 
mobile phase, pesticides such as ESN, CMN and FVL remained at the point of 
application at all concentration levels. The RF value of PHM increased from 
0.67 to 0.9 and that of CLPS decreased from 0.92 to 0.78 on increasing the 
concentration of ammonium sulphate from 0.01 to 2M in the mobile phase. A 
peculiar behaviour of DM was observed. It produced single spot at higher (1.5-
2M) as well as at lower (0.01 - 0.05M) concentration of ammonium sulphate 
solution. However, it produced double spots with 0.1 or IM ammonium 
sulphate and triple spots with 0.5M ammonium sulphate mobile phase. The 
multiple spots formation indicates the possibility of presence of different species 
of DM. With different concentrations of sodium chloride in the mobile phase 
ESN, CMN and FVL remained at the point of application. DM gave double 
spots over the entire concentration range (.01 -2M) of sodium chloride. PHM 
remained more or less at the middle of the chromatoplate (Rp = 0.67 - 0.42) 
whereas CLPS showed faster mobility (Rp = 0.71 - 0.95) at all sodium chloride 
concentration levels. 
li) Aqueous Salt solutions with Added Surfactant as Mobile Phases 
When distilled water, 0.5 M aqueous ammonium sulphate or sodium 
chloride containing 1% added CTAB was used as the mobile phase, all 
pesticides remained at the point of application. Though all pesticides were 
clearly detected but the detection of PHM was difficult in the case of 0.5 M 
sodium chloride containing 1% CTAB. 
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iii) Organic Solvent Mobile Phases 
With benzene as the mobile phase, all pesticides did not show mobility. 
However, with other organic solvents like hexane and toluene CMN, FVL and 
ESN showed significant mobility (Rp = 0.82,0.87, 0.70 respectively). This 
observation is important from the separation point of view because these 
pesticides were found to stay at their point of application with all the mobile 
phases mentioned above in (i) and (ii). Double spots for CLPS and DM were 
noticed with cyclohexane and methanol respectively. PHM showed irregular 
behaviour as it remained at the point of application in cyclohexane, benzene and 
hexane mobile phases; showed little tailing in toluene in (Rp ^ 0.25) and 
exhibited considerable mobility with methanol and ethyl acetate mobile phases ( 
Rp = 0.52, 0.70 respectively). As regards to CLPS, it migrated along with most 
of the organic solvents (RF= 0.92-0.94). Benzene and hexane are exceptions 
where CLPS remained very close to the point of application, (Rp = 0.05 and 0.18 
respectively). 
On the basis of migration behaviour of pesticides on silica layer as 
discussed above following interesting conclusions may be drawn: 
a) Hydrocarbon chain length of pesticides molecule does not influence the Rp 
value as can be seen from the example of FVL and CMN. FVL (C25 H22 CI 
NO3) and CMN (C22 H19 C12 NO3) showed identical mobility and remained 
near or at the point of application when the TLC plates were developed 
with water or aqueous salt solutions (M2-M15). 
b) The presence of phosphorus in the pesticide molecule enhances the 
mobility. For example, PHM (Cio H19 CI NO5 P) showed higher mobility in 
water as well as in aqueous salt solutions (M2-M15) compared to CMN 
(C22 Hi9 C12 NO3) and FVL (C25 H22 CI NO3). The higher mobility of PHM 
may be attributed to its stronger complexation with the mobile phase. 
Furthermore, the higher mobility of P-containing PHM compared to S-
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containing ESN (Table 2.4a) is in support of the fact that phosphorus 
activates the mobility. 
c) Pesticides with higher P/S ratio have higher mobiHty as can be seen from 
the example of CLPS (C9 Hn C13 NO3 PS) and DM (C5 H12 NO3 PS2). 
CLPS showed higher mobility (Rp = 0.92) as compared to DM (Rp = 0.67) 
when water was used as mobile phase. With salt solutions as mobile phase 
(M2-M5), CLPS still showed greater mobility (Rp = 0.71 - 0.95) compared 
to DM (Rp = 0.60 - 0.85). 
Thus, TLC can be used to distinguish between pesticides containing both 
P and S ligands in the same molecule. 
B) Soil Layer 
i) Aqueous Salt Solution as Mobile Phases 
Throughout the concentration of sodium chloride (0.05-2M), ESN, CMN, 
FVL were either not detected clearly in few cases or remained at the point of 
application in most of cases. PHM showed greater mobility (Rp = 0.95) when 
0.05 or 0.5 M sodium chloride was used as mobile phase. At higher sodium 
chloride concentrations, it could not be detected. Double spots for DM were 
realized when TLC plates were developed with 0.05 or 0.1 M aqueous sodium 
chloride. The Rp values were 0.0, 0.92 and 0.0, 0.87 respectively. CLPS showed 
mobility only when 0.10 M sodium chloride was taken as the mobile phase (Rp = 
0.92). 
With different concentrations of ammonium sulphate (0.01 - 2M) as 
mobile phase, PHM showed pronounced mobility at all concentration levels (Rp 
= 0.75 - 0.93). Similarly, higher mobility was also observed when CLPS (Rp = 
0.95) and CMN (Rp = 0.90) were chromatographed using 1.0 M aqueous 
ammonium sulphate solution as mobile phase. DM was found to move with 
solvent front when aqueous ammonium sulphate (0.05 - 1.0 M) solutions were 
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used as mobile phase. All other pesticides remained at the point of application 
irrespective of the degree of ammonium salt concentration in the mobile phase. 
ii) Aqueous Salt Solutions with Added Surfactant as Mobile Phases 
When 0.5 M aqueous sodium or ammonium salt solutions containing 1% 
CTAB (Mi6 and Mig) was used as mobile phase, all pesticides remained at the 
point of application. PHM could not be detected clearly with Mig. 
iii) Organic Solvent Mobile Phases 
The identical mobility pattern i.e. all pesticides remained at the point of 
application irrespective of the nature of organic mobile phase (Mi9 - M24) was 
observed. PHM was not detected. 
C) Mixed Layers Containing Soil 
The results obtained on various mixed layers are briefly discussed below 
i) Soil Mixed with Cellulose 
When soil mixed with cellulose (1:1, 7:3, 3:7) was used as the stationary 
phase in combination with water as mobile phase, all pesticides except PHM 
and ESN were well detected, and found to be at the point of application. With 
0.5 M sodium chloride eluent, all pesticides stayed at the point of application 
and PHM could not be detected. Interestingly, PHM showed high mobility (Rp s 
0.92) when 0.5 M ammonium sulphate was taken as the mobile phase and soil 
mixed with cellulose in the ratio 3:7 was used as the stationary phase. 
ii) Soil Mixed with Silica gel Layer 
For PHM, high mobilities were noticed on layers prepared from mixture 
of soil and silica in 7:3 ratio with water (Rp = 0.8) and 0.5 M sodium chloride 
(Rp = 0.78) eluents. Its detection on other mixed layers developed with water or 
aqueous salt solution was difficult. Double spots for DM were observed with 
certain TLC systems [water eluent, soil + silica gel layer (7:3); 0.5M sodium 
chloride eluent, soil + silica gel (7:3, 3:7, 1:1) layers, and 0.5 M ammonium 
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sulphate eluent, soil + silica gel (3:7) layer]. ESN, CLPS, FVL and CMN were 
always found at the point of application. 
iii) Soil Mixed with Kieselguhr Layer 
ESN, DM could not be detected on soil mixed with kieselguhr (1:1, 7:3, 
3:7) layers. With water as mobile phase, PHM migrated with water front (Rp = 
0.90) on layer of soil plus kieselguhr (7:3). Other pesticides remained at the 
point of application. When 0.5 M sodium chloride was used as the mobile phase, 
all but DM remained at the point of application. DM gave double spots on 
layers of soil plus kieselguhr, 1:1 (Rp = 0.92, 0.0) and 3:7 (Rp = 0.87, 0.0). 
Whereas it produced single spot (Rp = 0.90) on 7:3 layer. With 0.5 M 
ammonium sulphate eluent, none of the pesticides showed any mobility. 
D) Miscellaneous Layers 
To compare the retention efficiency of cellulose, kieselguhr and alumina 
as layer material, pesticides were chromatographed using 0.5 M sodium 
chloride and ammonium sulphate solutions as mobile phase. The results 
obtained are summarized in Table 2,4a. Following retention pattern were 
noticed. 
a) With 0.5 m sodium chloride, the mobility of PHM increases in the order 
silica gel < kieselguhr <alumina <cellulose. CLPS moved with the solvent 
front (Rp >0.9) irrespective of the nature of stationary phase. An additional 
spot at the point of application was also observed for CLPS on kieselguhr 
layer. The Rp value of DM was in the order kieselguhr <silica gel < 
cellulose <alumina. It produces double spots on silica layer. The Rp of 
second spot was 0.0 
b) With 0.5 M ammonium sulphate, all pesticides have zero Rp value on 
alumina layer. The mobility trends of PHM and CLPS were in the order 
alumina < silica gel < kieselguhr < cellulose. In the case of DM, triple 
spots on silica gel; double spots on kieselguhr and single spot on cellulose 
were observed. 
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c) With 0.5 M sodium chloride and ammonium sulphate, FVL, ESN and 
CMN remained at the point of application in all cases. 
These results indicate that the multiplicity of pesticides spots depends 
upon the nature of stationary phase. 
Table 2.5 summarizes the trend of relative mobility of a particular 
pesticide on different static layers (single phase as well as biphasic) developed 
with water, aqueous solution of (0.5 M) sodium chloride or ammonium 
sulphate. From this Table it is clear that the mobility of CLPS is higher on 
silica layer compared to soil or mixed layers in all mobile phases (Mj, M5, Mi2). 
Conversely, PHM and DM migrated faster through soil or soil mixed layers. 
The separations obtained experimentally with different TLC systems are 
listed in Table 2.6. These separations are especially important because one can 
separate S-containing pesticides from those containing CI, P or P and S both. 
Similarly, DM and CLPS containing S as well as P in their molecule can also be 
separated from their mixture. 
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Table-2.2 
pH and electrical conductivity data of different soil samples 
used as stationary phase 
Soil Type Place of collection Texture pH EC(Q'^ ) 
A.M.U. Fort Sandy Loam 8.30 0.874 
Dhurrah Aligarh 
(a) Sewage water 
Irrigated Soil 
Sandy Loam 8.20 0.871 
(b) Tubewell 
Irrigated Soil 
Sandy Loam 7.72 0.870 
Tappal Soil Clay 8.20 0.874 
Jattari Soil Loam 7.89 0.867 
Botany Deptt. Soil. 
A.M.U., Aligarh 
Sandy Loam 7.70 0.869 
^1 
Table-2.3 
Mobility trend of pesticides on silica gel and soil layer developed with water 
(M,) 
Pesticides Silica gel (Rp) Soil (Rp) 
PHM 0.7 0.0 
CLPS 0.92 0.0 
ESN 0.0 0.0 
CMN 0.0 0.0 
FVL 0.07 0.0 
DM 0.67 0.0 
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Table - 2.4 (b) 
Rp value of pesticides on biphasic stationary phase using mobile phases Mi, 
Mi2 and M5. 
Stationary 
phase 
Mobile 
phase RF Value 
Soil + Cellulose 
(1 
(3 
(7: 
(1 
(3 
(7 
(1 
(3 
(7 
1) 
7) 
3) 
1) 
7) 
3) 
1) 
7) 
3) 
Soil + silica gel 
(1 
(3 
(7 
(1 
(3 
(7 
(1 
(3 
(7 
1) 
7) 
3) 
1) 
7) 
3) 
1) 
7) 
3) 
Soil + kieselguhr 
(1:1) 
(3:7) 
(7:3) 
(1:1) 
(3:7) 
(7:3) 
(1:1) 
(3:7) 
(7:3) 
M, 
M12 
Mj2 
M12 
M5 
M5 
M5 
Ml 
Ml 
Mj 
M12 
M12 
M12 
M5 
M5 
M5 
M, 
Ml 
Ml 
M12 
Mi2 
M12 
Ms 
Ms 
Ms 
(PHM=ESN= 
PHM (ND), 
PHM (ND), 
PHM (ND), 
PHM (ND), 
PHM (ND), 
PHM (ND), 
PHM (0.92), 
PHM (ND), 
=ND), (CLPS 
(ESN=CLPS^ 
(ESN-CLPS^ 
(ESN=CLPS^ 
(ESN=CLPS 
(ESN=CLPS= 
(ESN=CLPS= 
(ESN=CLPS 
(ESN=CLPS= 
^DM=FVL= 
DM-FVL-
DM=FVL= 
DM=FVL-
DM=FVL= 
DM=FVL= 
DM=FVL= 
=DM-FVL= 
DM-FVL= 
=CMN=0.0) 
=CMN=0.0) 
CMN=0.0) 
CMN=0.0) 
CMN=0.0) 
CMN=0.0) 
=CMN=0.0) 
=CMN=0.0) 
CMN=0.0) 
PHM (ND), (ESN=CLPS=DM-FVL=CMN=0.0) 
PHM(ND), (ESN=CLPS=DM=FVL=CMN=0.0) 
PHM(0.85)J)M(0.82,0.0),(ESN=CLPS=FVL= CMN-O.O) 
DM(0.85,0.0),(ESN=CLPS=DM=FVL-CMN=0.0) 
DM(0.80,0.0), PHM(ND), (ESN-CLPS=FVL=CMN-<).0) 
PHM (0.78), DM (0.87,0.0) (ESN=CLPS=FVL=CMN=0.0) 
PHM(ND), (ESN=CLPS=DM=FVL=CMN=0.0) 
DM(0.80,0.0), PHM(ND), (ESN=CLPS-FVL=CMN=0.0) 
PHM(ND), (ESN=CLPS=DM=FVL=CMN=0.0) 
PHM(ND), (ESN=CLPS=DM=FVL=CMN=0.0) 
(PHM=DM=ND),(ESN=CLPS=FVL=CMN-0.0) 
(ESN=DM=ND), PHM(0.90), (CLPS=FVL=CMN-0.0) 
DM(0.92,00),PHM(ND),(ESN-CLPS=FVL=CMN=0.0) 
DM(0.87,0.0),PHM(ND),(ESN=CLPS=FVL=CMN-0.0) 
DM (0.90), PHM(ND), (ESN=CLPS=FVL=CMN=0.0) 
PHM (ND), (ESN-CLPS=DM=FVL=CMN=0.0) 
PHM (ND), (ESN=CLPS=DM=FVL=CMN=0.0) 
PHM (ND), (ESN-CLPS=DM=FVL=CMN=0.0) 
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Clc studies 8 separation of 
beav^ metal cations on soil 
amended silica ^el lasers 
developed ^itb surfactant-
mediated solvent s>>stems 
3.1 INTRODUCTION 
Water pollution due to heavy metal pollutants cause direct toxicity, both to 
humans and other living beings, due to their presence beyond specified limits. 
Most of the heavy metals are bio-accumulative and detrimental to human health. 
The major source of metal pollution is the disposal of industrial wastes emenating 
from metal finishing (electroplating, metal polishing, metal cleaning etc.) 
industrial process into the water bodies. Metal pollutants from electroplating 
operations can find their environmental pathways through air, food, soil and 
water into plant and animal tissues. Metals tend to get adsorbed easily on 
surfaces of soils and sediments. Metals in the waste water may be present in the 
form of metals ions, metal complexes and pure metal particulates. 
Thin layer chromatography (TLC) has made a major contribution to the 
analysis of inorganic cations and being low cost technique it is still enjoying the 
popularity as an undisputed analytical tool. The recent applications of TLC have 
been well documented in reviews (1-4) books (5-7) and research papers ( 8-12). 
A new concept for qualitative analysis by soil TLC was developed by 
Helling and Turner in 1968 (13). Their method was utilized by several workers to 
examine the mobility pattern of pesticides (14-17) and heavy metals (18-23) in 
various types of soils. The mobility or leachability of such chemicals through the 
soil bed has tremendous influence on the life process of plants. An interesting 
study on mobility of cadmium on twenty-two soil layers of different nature has 
been reported by M. Sanchez Camazano and M.J. Sanchez-Martin (24). Their 
results clearly demonstrate the significant influence of soil properties on the 
mobility of cadmium. 
TLC methods reported so far for investigating the mobility of heavy metals 
and trace elements in soil did not consider the following two aspects. 
(i) Use of surfactants as mobile phase. 
(ii) Effect of presence of silica, alumina; cellulose and kieselguhr in soil bed 
on the mobility of heavy metal cations. 
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In view, of the above facts, it was considered worthwhile to examine the 
mobiUty of heavy metal cations through static planar soil bed amended with 
silica, alumina, cellulose and kieselguhr using aqueous solutions of cationic, 
anonic and non ionic surfactants as mobile phase. The results of this study may 
be of immense utility to understand the role of surfactant mediated mobile phases 
on the mobility or leachability of heavy metals through pure and soil amended 
layers. 
3.2 EXPERIMENTAL 
Apparatus: A TLC apparatus (Toshniwal, India) was used to prepare silica gel 
layers (0.25 mm) on 20 x 3 cm glass plates and 24 x 6 cm glass jars were used. 
Reagents: Silica gel G (Merck, India), N-cetyl-N, N, N- trimethyl ammonium 
bromide (CTAB) of CDH India, urea (GSC, India), sodium dodecyl sulphate 
(SDS) of BDH India and polyoxyethylene dodecyl ether (Brij35) and iso-
octylphenoxypolyethoxy-ethanol (TX-lOO) of Loba Chemie, India were used. 
Metal ions studied: Pb^^ Bi^ ^ Zn^^ Ag^^ Cu^^ Ni^\ Co^^ Hg^^ Cd^ ^ and Fe^ ^ 
Test solutions: Chromatography was performed on 1% standard solutions of the 
chloride, nitrate or sulphate salts of the above mentioned metal ions. 
Soil sample: We used samples (SpSg) of natural uncultivated soils that were 
collected from the soil surface horizon (0-20 cm deep) at different locations in the 
district of Aligarh (India). The samples were dried, grounded and passed through 
the 100 mesh size sieve to get uniform particle size. The physico-chemical 
parameters of soil samples are given in Table 3.8. 
Detection: Fe "^ , Cu "^  were detected with 1% potassium ferrocyanide; Ni^ "^  and 
Co^ "^  were detected with 1 % solution of alcohlic dimethylglyoxime and Zn^ ,^ Cd^ ^ 
Pb'", Bi'", Ag^ and Hg'^ were detected with a solution of 0.5% dithizone in 
carbon tetra chloride. 
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The solvent systems used as mobile phase 
Solvent System 
Aqueous surfactant 
solution 
Symbol Composition 
Fertilizer added 
surfactant solution 
(1:1) 
(1:1) 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Mg 
M9 
M,o 
M„ 
M12 
Mi3 
MM 
M,5 
M16 
Mi7 
M18 
Mi9 
M20 
M21 
M22 
M23 
M 24 
M 25 
O.IMCTAB 
O.IMSDS 
O.lMTX-100 
O.lMBrij-35 
O.OIMCTAB 
0.001 MCTAB 
0.0001 MCTAB 
0.3 M CTAB 
0.4 M CTAB 
0.5 M CTAB 
0.5 M CTAB+ 0.1M Urea (1:1) 
0.5 M CTAB + 0.1 M Urea (1:9) 
0.5 M CTAB + 0.1 M Urea (9:1) 
0.5 M CTAB + 0.6 M Urea (1:9) 
0.5 M CTAB + 0.6 M Urea (1:1) 
0.5 M CTAB + 0.6 M Urea (9:1) 
0.5 M CTAB + 0.8 M Urea (1:1) 
0.5 M CTAB + 0.8 M Urea (1:9) 
0.5 M CTAB + 0.8 M Urea (9:1) 
0.5MCTAB + 2MUrea( l : l ) 
0.5 M CTAB + 2 M Urea (9:1) 
0.5 M CTAB + 2 M Urea (1:9) 
0.5 M CTAB+0.6 M ammonium chloride 
0.5 M CTAB + 0.6 M ammonium nitrate 
0.5 M CTAB + 0.6 M sodium phosphate (1:1) 
Mixed mobile phases were prepared by mixing different volumes of individual 
solution/solvent. 
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Stationary phase 
Symbol 
(A) 
(B) 
s, -
S2 -
S3 -
S4 -
S5 -
S6 -
Sv -
Sg -
Composition 
Pure Silica gel 
Pure Soil 
Soil Botany Deptt. 
Soil A.M.U. Fort 
Dhurrah Sewage irrigated 
Soil (15 cm depth) 
Dhurrah Sewage irrigated 
Soil (20 cm depth) 
Dhurrah tubewell irrigated 
Soil (15 cm depth) 
Dhurrah tubewell irrigated 
Soil (20 cm) 
Jattari Soil 
Tappal Soil 
(C) 
S9 - Silica gel mixed with soil type S] (9:1) 
Sio - Silica gel mixed with soil type S2 (9:1) 
Sn - Silica gel mixed with soil type S3 (9:1) 
S]2 - SiUca gel mixed with soil type S4 (9:1) 
Si3 - Silica gel mixed with soil type S5 (9:1) 
Si4 - Silica gel mixed with soil type S6 (9:1) 
Si5 - Silica gel mixed with soil type S7 (9:1) 
S16 - Silica gel mixed with soil type Sg (9:1) 
(D) - Silica gel mixed with soil type S3 in the ratios (8:2), (7:3), 
(6:4), (5:5), (4:6), (3:7), (2:8), (1:9) 
(E) Alumina + Soil type (S3) 9:1 
Cellulose + Soil type (S3) 9 :1 
Kieselguhr + Soil type (S3) 9:l,flyash+ soil type (S3) 9:1 
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Preparation of silica gel TLC plates 
Plain Thin - Layer Plates 
TLC plates were prepared by mixing silica gel G with double distilled 
water in a 1:3 ratio. The resultant slurry was mechanically shaken for 5 min and 
then it was coated onto glass plates with the help of a TLC applicator to give a 
layer of 0.25mm thickness. The plates were first air dried at room temperature 
and then activated by heating at 100 °C for 1 h. After activation, the plates were 
kept in air tight chamber until used. 
Soil Thin - Layer Plates 
To prepare soil TLC plates, soil sample was slurried mechanically by 
shaking for 5 min after mixing with double distilled water in a 1:3 ratio. The 
resultant homogeneous slurry was spread onto 20 x 3.5 cm glass plates as 0.25 
mm thick layer. The plates were air dried at room temperature (30°C) and stored 
in air tight chamber until used. 
Mixed Soil TLC Plates 
Silica gel, kieselguhr, cellulose or alumina mixed with soil in 9:1 ratio by 
weight. The contents were slurred with double distilled water in a 1:3 ratio by 
shaking for 5 min. Using this slurry, thin layers were prepared under the same 
experimental conditions as described above for soil layer plates. 
Method 
Chromatography 
The metal ion solutions (5-10 uL) were spotted on TLC plates with 
micropipette. The spots were dried at room temperature before development. The 
glass jars containing mobile phase were covered with lids and left for 10 min. for 
saturation before introducing the plates for development. The plates were 
developed with chosen solvent system by ascending technique. The solvent ascent 
was fixed at 10 cm in all cases. After development, the plates were dried and the 
spots of metal ions were detected using appropriate reagent. 
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3.3 RESULTS AND DISCUSSION 
The results presented in Table 1 reveal that the mobility of metal cations is 
decreased with the increase of soil concentration in the stationary phase. The soil 
concentration above 50% in the stationary phase was undesirable because of (a) 
lack of differential migration as all metal ions are strongly retained by the 
stationary phase near the point of application, (b) formation of tailed spots in 
certain cases, and (c) poor detection of Cu ^ and Co^ .^ 
The best results, with reasonably good detection clarity, spot compactness 
and differential migration of metal cations were realized on layers prepared from a 
mixture consisting of silica gel and soil type S3 in 90:10 ratio (termed as Si 1 in 
this paper). Therefore, it was selected for detailed study. It is also evident from the 
results recorded in Table 3.1 that amongst the surfactants used, 0.1 M aqueous 
CTAB (Ml) is a useful eluent to achieve important separations of metal ions. With 
this system, Hg^^  showed maximum Rp value (Rp ~ 0.96) and Cd^^  moved nearly 
upto the middle of the chromatoplate (Rp ~ 0.41). Both the metal ions remained 
more or less at the point of application when 0.1 M aqueous solutions of non-
ionic surfactants (M3 & M4) were used as the mobile phase. Similarly, Pb^ "^ , Fe^ ,^ 
Cu^ ,^ Zn^ ,^ Bi''^  and Ag^ showed little mobility in aqueous surfactant solutions 
irrespective of the nature of the hydrophilic group of the surfactant (M1-M4). 
It is important to mention here that none of the metal ions tends to exhibit 
mobility in the absence of surfactant as all the metal ions were found to remain at 
the point of application (Rp « 0.0) when chromatographed on soil layer (S3) using 
distilled water (zero surfactant) as mobile phase. 
The results of TLC of metal ions performed on selected stationary phase 
(Sii) using different CTAB concentrations (M5-M10) as mobile phase are listed in 
Table-3.2. The results reported in Table-3.2 indicate that the mobility of Zn^ ,^ 
Cd^ ^ and Hg^^  increased with the increase in the concentration of CTAB from 
0.001 to 0.5 M. Interestingly, the clarity of spot detection was also found to be 
associated with the degree of concentration of CTAB. The heavy metal cations 
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were detected with enhanced clarity wheri''J&.5 M CJAB was teed as eluent. The 
increased mobility of certain cations facilitates the separation of Cd^ ^ from Zn^^ 
and Hg'^ .^ Preparation of CTAB solutions with higher concentrations exceeding to 
0.5 M was difficult because of solubility limitations and hence no further studies 
with higher concentration of CTAB could be performed. Fe^ "^ , Cu^ ,^ Ag^, Pb^^ and 
Bi^ "^  remained at or near the point of application at all concentration levels. Ni^ ^ 
and Co^ "^  showed little mobility (Rp ~ 0.41) and gave almost identical results over 
the entire CTAB concentration range. 
Different concentrations of urea (M11-M22) were added in 0.5 M CTAB in 
variable ratios and the results of mobility of metal ions with urea added surfactant 
mobile phases using Sn layer are tabulated in Table-3.3. Amongst urea added 
mobile phases, the mobile phase consisting of 0.5 M CTAB plus 0.6 M urea in 
1:1 ratio (M15) was found most useful. At this concentration level, Cu^^  showed 
sUght mobility (Rp ~ 0.38) to facilitate its separation from Ni^ "^ , Pb^ "^ , Hg^ ^ and 
Fe^ .^ It was found that when 0.1 M urea solution was added into 0.5 M CTAB in 
different volume ratio (Mn-Mo), Cu^ ^ remained near the point of application (Rp 
» 0.07-0.18). Similarly, with mobile phases such as M14 , Mjg and M22 Cu^ ^ was 
strongly retained by the stationary phase giving Rp value 0.10, 0.12 and 0.08 
respectively. At all concentration levels of urea in the mobile phase, metal ions 
such as Fe''^, Zn^ "^ , Pb^ ,^ Bi" ^  remained at the point of application or showed very 
0-J- O-U 0-t- O4-
little mobility whereas Ni , Co , Cd and Hg showed considerable mobility. 
As better separation possibilities were dictated by Mi5 it was selected for detailed 
study. At first instance, we investigated the mobility behaviour of metal cations on 
TLC plates coated with pure different types of soil (SpSg) using M15 as mobile 
phase. The results are presented in Table-3.4. Most of the metal ions were either 
not detected or remained at or near the point of application, Hg^^ was the 
exception which migrates on S3 and S4 layers showing Rp value of 0.62. However, 
Hg^ "^  could not be clearly detected on layers prepared from 81,82 and Ss-Sg. 
In order to examine the effect of inorganic fertilizers on the mobility of 
metal ions, urea (organic fertilizer) was replaced by three other fertilizers 
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(Ammonium chloride, ammonium nitrate and sodium phosphate) in aqueous 
CTAB mobile phase and TLC of metal ions was performed using different soil 
types (Si-Sg) mixed with sihca gel in 1:9 ratio as the stationary phase (Sg-Sie). 
The results summarized in Table-3.5 show the following trends. 
i) Detection of metal ions was not sharp when sodium phosphate was used in 
the mobile phase whereas such a problem was not observed with mobile 
phases containing ammonium nitrate or chloride. In these cases detection 
of metal ions was sharp and spots were highly compact. 
ii) Co , Ni , Hg and Bi gave comparable results (i.e. almost identical 
mobility) irrespective of the type of fertilizer present in the mobile phase. 
Bi^ ^ remained near the point of apphcation or showed very little mobihty 
while Ni^^; Co^^ and Hg^^  moved with the solvent front (Mi5,M23, M24, 
M25) on layers prepared from (S9-S16). 
iii) With sodium phosphate added aqueous CTAB mobile phase (M25), Cu^ ^ 
showed stronger interaction with the stationary phase giving the Rp value 
of 0.03 irrespective of the type of soil used in the stationary phase. 
However, and enhanced mobility (Rp « 0.25-0.38) was experienced when 
other fertilizers such as NH4NO3, NH4CI or urea were taken in the mobile 
phase (M24, M23 or Mi5). It shows that the mobility of Cu^^ is influenced 
by the nature of fertilizer. 
iv) In contrast to the behaviour of Cu^ ,^ TJSX^ which remained at or near the 
point of application in all fertilizers containing CTAB mobile phases 
showed an increased mobihty (Rp « 0.3-0.57) when sodium phosphate was 
present in the mobile phase. 
v) Cd showed peculiar behaviour with sodium phosphate as it gave double 
spots (Rp « 0.14-0.22 r ' spot, Rp « 0.69 - 0.77 T^ spot) in all soil types 
used in the stationary phase with the exception of Sn and S16 layers where 
it gave elongated single (Rp « 0.49) and compact single (Rp « 0.69) spots 
respectively. 
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Separations achieved on different types of soil containing layers using M15 
mobile phase are listed in Table-3.6. In most of the cases Cd^^  was easily 
separated from Zn and Hg . Quaternary separations were also achieved on 
almost all soil mixed with silica gel layers. Thus, we can safely conclude that urea 
added aqueous cationic surfactant solutions are very useful mobile phases for 
separating heavy metal cations from their multicomponent mixtures. Most of the 
separations achieved were on soil containing silica mixed layers. The type of soil 
used in combination with silica influences the mobility as well as the detection 
clarity of metal cations. The soil mixed silica stationary phases can be used in the 
following order of preference to realize selected separation of metal cations. 
S]l~S]3=Si5> S9=Si2>Si4>Si6>Sio. 
Since the mobility of metal cation was found to depend on the degree of 
silica gel present in the mixed bed containing soil, the results obtained have been 
summarized in Fig. 3.1. The following trends are noticeable: 
a) increasing percentage of silica gel in the stationary phase has little effect on 
the mobility of Hg . 
b) The mobility of Cd^"*" and Ni^ "^  increases with the increase in silica gel content 
in the stationary phase. 
c) Fe^ "^  remains near the point of application, while Zn^ '*", Pb^ "*" Ag"^  and Bi'^ ^ show 
very little mobility at all concentration levels of silica gel. 
9-4- 9+ 
d) Detection of Cu and Co becomes very difficult when the amount of soil is 
exceeded to 50% in the mixed layer i.e. soil plus silica gel mixture. 
These results are important as the soil contaminated with silica gel allows 
the passage of Ni^ ^ and Cd^ "^  in addition to the transportation of Hg^ ,^ from the 
soil surface deep into the soil bed. The migration of these metal ions from soil 
surface may be harmful to vegetation because of their accumulation into plants 
9+ 9-(-
through plant roots. Therefore, to avoid the toxic effect of Cd and Ni , the soil 
surface may be kept free from silica gel. 
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One of the interesting aspects of the present study is the salting - in effect 
0_L 0-L 0-1- 0-J- 0 - ^ -4- ^ L 
shown by Cd , Cu , Hg , Ni , Co , Ag and Zn . In such cases the RM value 
(RM = l-Rp/Rp) decreases with the increase in ammonium sulphate concentration 
in distilled water, as evident from Fig. 3.2 Fe^ "^ , Pb^ "^  and Bi^ "^  remains near the 
point of application at all concentration levels of ammonium sulphate. 
To compare the chromatographic performance of mixed layer materials, 
the silica gel was replaced by alumina, cellulose, kieselguhr and flyash in the 
mixture of soil and silica gel (1:9) and the TLC plates coated with these layer 
materials were used to determine the mobility of metal ions using M15 mobile 
phase. None of the mixed adsorbents matches the performance of silica containing 
soil mixed layer. In case of flyash, the detection of metal ions was very difficult 
whereas in the cases of cellulose, alumina and kieselguhr certain metal ions 
produced tailed spots as evident from the results provided in Table-3.7. 
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TABLE - 3.2 
Rp Value of metal Ions on Sn layer developed with concentrations of CTAB 
Metal ion M5 M6 M7 Mg M9 M 
Fe^^ 
Co^^ 
Ni^ ^ 
Cu^" 
Zn^^ 
0.05 
0.49 
0.52 
0.06 
0.12 
0.06 
0.51 
0.52 
0.06 
0.10 
Cd^" 
Hg^^ 
Pb^" 
Bi^" 
0.24 
0.87 
0.0 
0.16 
0.25 
0.29 
0.0 
0.20 
10 
0.05 0.05 0.06 0.07 
0.59 0.58 0.62 0.55 
0.57 0.56 0.60 0.57 
0.06 0.06 0.05 0.07 
0.13 0.16 0.15 0.23 
Ag^ 0.12 0.40 0.37 0.15 0.14 0.13 
0.22 0.17 0.57 0.64 
0.0 0.78 0.80 0.81 
0.0 0.0 0.0 0.0 
0.22 0.15 0.15 0.2 
GO 
TABLE - 3.3 
RF Value of metal ions on Sn developed with 0.5 M aqueous CTAB 
containing different concentrations of added urea 
^^^^ ' Ml, M,2 Mn M,4 M,5 Mi6 Mn M,8 M,9 M20 M21 M22 
ions 
Fe^^ 0.07 0.06 0.06 0.08 0.08 0.07 0.08 0.1 0.06 0.06 0.05 0.07 
Co^^ 0.59 0.56 0.59 0.70 0.75 0.63 0.76 0.7 0.62 0.63 0.64 0.66 
Ni^' 0.64 0.61 0.57 0.70 0.7 0.67 0.69 0.68 0.67 0.65 0.68 0.7 
Cu^^ 0.18 0.07 0.07 0.10 0.38 0.38 0.31 0.12 0.3 0.35 0.33 0.08 
Zn^^ 0.19 0.1 0.17 0.11 0.22 0.19 0.13 0.12 0.16 0.15 0.19 0.1 
Ag^ 0.11 0.06 0.17 0.06 0.13 0.15 0.15 0.1 0.2 0.12 0.12 0.6 
Cd^^ 0.17 0.51 0.61 0.55 0.74 0.62 0.64 0.60 0.70 0.67 0.65 0.52 
Hg^^ 0.13 0.87 0.96 0.92 0.96 0.87 0.96 0.96 0.93 0.97 0.92 0.96 
Pb^^ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Bi^^ 0.17 0.22 0.15 0.19 0.24 0.20 0.2 0.22 0.17 0.22 0.17 0.21 
Gl 
Table - 3.4 
Effect of Soil type on the mobility (or Rp value) of metal ions developed with 
mobile phase: 0.5 M CTABT 0.6 M urea (1:1) M15 
Metal ions Si S2 S3 S4 S5 Se S? Sg 
Fe^* 0.02 N D 0.0 0.0 0.0 0.0 0.0 0.0 
Co^ ^ ND ND ND ND ND ND ND ND 
Ni^ ^ ND ND 0.05 0.06 0.05 0.04 0.04 0.05 
Cu^^ N D N D N D 0.0 0.0 0.0 N D N D 
Zn^^ 0.01 0.02 0.02 0.06 0.02 0.02 0.03 0.02 
Ag^ 0.0 0.05 0.0 N D N D ND 0.04 0.01 
Cd^^ 0.03 0.1 0.07 0.12 0.12 0.05 0.05 0.02 
Hg^^ N D N D 0.62 0.62 N D ND 0.32 N D 
Pb^^ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Bi^^ 0.0 0.0 0.0 N D 0.0 0.0 0.0 0.0 
G2 
TABLE - 3.5 
RF Value of metal ions obtained on TLC plants prepared of silica gel mixed 
with different types of soils in 9:1 ratio (S9-S16) developed with 0.5 M CTAB 
with added fertilizer 
Mobile 
Phase 
M,5 
M24 
M25 
M23 
M i 5 
M24 
M25 
M2, 
Mi5 
M24 
M25 
M23 
M,5 
M24 
M25 
M23 
M,5 
M24 
M25 
M23 
M,5 
M24 
M25 
M23 
M,5 
M24 
M25 
M23 
Meta 
1 Ions 
CO^^ 
Ni^^ 
Cu^^ 
Zn^^ 
Cd^" 
Hg^^ 
Bi^" 
S9 
0.55 
0.78 
0.73 
0.87 
0.64 
0.78 
0.79 
0.86 
0.31 
0.26 
0.03 
0.33 
0.12 
0.17 
0.57 
0.14 
0.65 
0.76 
0.72, 
0.22 
0.75 
0.92 
0.92 
0.88 
0.93 
0.21 
0.19 
0.12 
0.17 
Sio 
0.52 
0.76 
0.87 
0.79 
0.54 
0.77 
0.87 
0.82 
ND 
0.19 
0.03 
0.3 
0.10 
0.12 
0.55 
0.13 
0.50 
0.78 
0.77, 
0.20 
0.72 
0.93 
0.93 
0.81 
0.80 
0.17 
0.14 
0.10 
0.12 
Si , 
0.75 
0.66 
0.73 
0.82 
0.74 
0.70 
0.76 
0.85 
0.38 
0.19 
0.03 
0.23 
0.22 
0.14 
0.3 
0.17 
0.74 
0.71 
0.49T 
0.72 
0.96 
0.87 
0.96 
0.91 
0.24 
0.15 
0.15 
0.15 
S,2 
0.72 
0.76 
0.82 
0.9 
0.67 
0.77 
0.87 
0.89 
0.34 
0.23 
0.02 
0.37 
0.23 
0.12 
0.52 
0.17 
0.72 
0.75 
0.74, 
0.18 
0.85 
0.99 
0.87 
0.87 
0.97 
0.18 
0.25 
0.16 
0.35 
S.3 
0.42 
0.81 
0.79 
0.84 
0.49 
0.77 
0.83 
0.89 
0.2 
0.23 
0.02 
0.35 
0.05 
0.16 
0.41 
0.28 
0.36 
0.77 
0.69, 
0.16 
0.81 
0.80 
0.88 
0.96 
0.88 
0.17 
0.36 
0.14 
0.38 
S]4 
0.68 
0.75 
0.84 
0.51 
0.66 
0.74 
0.85 
0.50 
0.31 
0.26 
0.02 
0.25 
0.14 
0.14 
0.45 
0.12 
0.65 
0.82 
0.77, 
0.14 
0.4 
0.97 
0.96 
0.92 
0.57 
0.22 
0.23 
0.16 
0.22 
S,5 
0.7 
0.85 
0.68 
0.89 
0.78 
0.87 
0.70 
0.89 
0.34 
0.24 
0.03 
0.33 
0.17 
0.13 
0.6 
0.25 
0.63 
0.76 
0.74, 
0.20 
0.82 
0.93 
0.93 
0.96 
0.9 
0.23 
0.22 
0.12 
0.24 
S16 
0.6 
0.64 
0.71 
0.82 
0.50 
0.65 
0.73 
0.85 
ND 
0.21 
0.02 
0.27 
0.11 
0.14 
0.44 
0.10 
0.47 
0.7 
0.69 
0.78 
0.87 
0.92 
0.89 
0.95 
0.15 
0.14 
0.17 
0.25 
The variation in RF values of Fe ^ , Ag"^  and Pb "^  was found to be in the 
range of 0.05-0.11, 0.08-0.13 and 0.0-0.05 respectively depending upon the type 
of soil (SpSg) used. 
T refers to tailed spot (RL - RT) >0.3 
G5 
Table - 3.6 
Experimentally achieved separations of metal ions on soil mixed with silica 
gel layers developed with mobile phase 0.5 M CTAB + 0.6 M Urea (1:1). 
STATIONARY SEPERATIONS (Rp) 
PHASE 
$9 Ni^^ (0.65) - Cu^^ (0.30) - Fe^^ (0.05), N p (0.62) - Cu^^ (0.3) -
Pb^^ (0.0), Ni^ ^ (0.65) - Cu^^ (0.3) - Fe^^ (0.0) - Hg^'' (0.99), Zn^^ 
(0.12) - Cd^^  (0.6)-Hg^^ (0.95), Zn^^ (0.18)- Fe^* (0.0) -NP^ (0.62) 
-Hg2"(0.92). 
8,0 Zn^^ (0.12) - Cd^^  (0.55) - Hg^^ (0.95), Ni^ ^ (0.7) - Fe^^ (0.03) -
Hg'" (0.94). 
S„ Ni^ ^ (0.72) - Cu^^  (0.21) - Fe^^ (0.05), Ni^ ^ (0.70) - Cu^^ (0.26) -
Pb^ (^O.O), Fe^^ (0.02) - Cu^^  (0.24) - N P (0.68) - Hg^^ (0.97), Zn^^ 
(0.11) - Cd^ ^ (0.67) - Hg^^ (0.95), Zn^^ (0.17) - Fe^^ (0.0) - Ni^ ^ 
(0.63) - Hg^^ (0.95), Pb^^ (0.0)- Cd^^  (0.7) - Hg^^ (0.96). 
5.2 N P ^ (0.61) - Cu^^ (0.24) - Fe^^ (0.3), Fe^^ (0.02) - Cu^^ (0.31) -
Hg^^ (0.99), Ni^ ^ (0.63) - Fe^^ (0.03) - Hg^^ (0.97), Fe^^ (0.02) -
Cu^^ (0.24) - Ni^ ^ (0.63) - Hg^^ (0.97), Pb^* (0.0) - Cu^^ (0.31) -
Ni^ ^ (0.67) - Hg^^ (0.97). 
5.3 Ni^ "^  (0.71) - Cu^^  (0.32) - Hg^^ (0.97), Fe^^ (0.03) - Cu^^ (0.33) -
Hg^^ (0.97), Fe^^ (0.03) - N p (0.68) - Hg^^ (0.96), Fe^^ (0.02) -
Cu^^ (0.32) - Ni^ ^ (0.72) - Hg^^ (0.97), Zn^^ (0.15) - Cd^^ (0.65) -
Hg^ "" (0.98), Pb^^ (0.0) - Cu^^ (0.31) - Ni^ ^ (0.71) - Hg^^ (0.9 
Si4 Fe^^(0.05) - Cu^^ (0.25) - Ni^^ (0.65), Fe^^ (0.02) - Cu^^ (0.35) -
Ni^ ^ (0.65) - Hg^* (0.97), Zn^^ (0.14) - Cd^^  (0.67) - Hg^^ (0.96), 
Pb^^ (0.0) - Cu^ "" (0.32) - Ni^ "" (0.71) - Hg^^ (0.97). 
Si5 Fe^^ (0.02) - Cu^^ (0.27) - Ni^^ (0.67), Fe^'' (0.02) - Cu^^ (0.25) -
Hg^^ (0.95), Fe^^ (0.02) -Cu^'' (0.36) - Ni^^ (0.71) - Hg^^ (0.97), 
Zn^^ (0.12) - Cd^^  (0.60) - Hg^^ (0.91), Fe^^ (0.0) - NP^ (0.66)-
Hg^^ (0.95), Pb^^ (0.0) - Cu^^ (0.27) -Ni^^ (0.61) - Hg^^ (0.95). 
S,6 Zr\^ (0.11) - Cd^ "^  (0.58) - Hg^ "" (0.98), Fe^^ (0.04) -Ni^^ (0.60) -
Hg^^ (0.94), Pb^ "^  (0.0) - Ni^ ^ (0.65) - Hg^^ (0.97). 
G^ 
TABLE-3.7 
Mobility pattern of metal ions chromatographed on soil amended layers 
developed with 0.5 M CTAB + 0.6 M urea (1:1) 
Metal ions 
Fe^" 
Co^" 
Ni^^ 
Cu^" 
Zn^" 
Ag^ 
Cd^" 
Hg^^ 
Pb^" 
Bi^" 
Alumina + Soil 
(9:1) 
(0.0) 
(0.0) 
0.01 
0.0 
0.0 
0.36 (T) 
0.18 (T) 
0.55 
0.0 
0.02 
Cellulose + 
Soil (9:1) 
0.09 
0.55 (T) 
0.55 (T) 
0.09 
0.22 (T) 
0.25 (T) 
0.62 (T) 
0.76 
0.05 
0.27 (T) 
Kieselguhr + 
Soil (9:1) 
0.03 
0.0 
0.15(T) 
0.02 
0.1 
0.0 
0.62 (T) 
0.73 
0.03 
0.08 
Flyash + Soil 
(9:1) 
ND 
ND 
ND 
ND 
0.0 
0.0 
0.04 
0.05 
0.0 
0.0 
(T) refers to tailed spot (RL - Rj ) >0.3. 
G5 
TABLE - 3.8 
Physico- Chemical Properties of different soil samples: 
No. Place of Physical parameter 
collection 
Chemical parameter 
Texture pH EC CEC C(%) 0M(%) K Na Ca N 
Sj AMU fort Sandy 8.30 0.874 3.6 0.56 0.97 30 15 1 0.29 28 
loam 
Dhurrah,Aliga 
rh 
(83,84) i)8ewage 8andy 8.20 0.871 4 0.37 0.65 2 13 3 0.28 30 
water irrigated loam 
soil (15,20 cm) 
(85,86) ii)Tubewell 8andy 7.72 0.970 3,4 0.42 0.72 3 13 4 0.26 28 
irrigated soil loam 
(15,20 cm) 
88 Tappalsoil Clay 8.20 0.874 3.7 0.89 1.54 8 47 20 0.36 40 
87 Jattarisoil Loan 7.89 0.867 4 0.42 0.72 5 34 2 0.28 30 
S, Botany deptt. 8andy 7.70 0.869 6.9 0.63 1.87 39 16 1 0.26 29 
soil loam 
G6 
Fig.3.1: Effect on the mobility of certain metal ions by the amount of silica gel present in the mixed 
stationary phase containing soil. 
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Fig.3.2: Salting-in -effect exhibited by certain metal ions developed with different 
concentrations of Ammonium sulphate 
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